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Power-Law Distribution of Acoustic Emission Energy of Coal
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Abstract; In order to study the acoustic emission energy distribution and the feasibility of fiber
bundle model based on mean field theory in numerical simulation on acoustic emission
characteristics during the tensile damage process of coal, Brazilian tests on coal specimen were
carried out under different loading rates. The results showed that the acoustic emission energy
probability density distribution follows a power-law distribution and its distribution exponents are
close to the predicted value of the mean field theory model. At the same time, the acoustic
emission energy probability density distribution also follows a power-law distribution within
different time intervals. The test results are similar to numerical results of the mean field theory
based fiber bundle model, and provide a basis for the confirmation of the fiber bundle model
parameters.
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Fig. 1 AE energy as a function of time for different loading rates

al ,a2,a3—0. 05 mm/min; bl ,b2,b3—0. ] mm/min; cl,c2,c3—0. 2 mm/min.
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Fig. 2 Lg-Ig plot of energy distribution of AE event
Al,A2,A3—0.05 mm/min; B1,B2,B3—0. 1 mm/min; C1,C2,C3—0. 2 mm/min.

XEREIAIRAS I B N, = Ny, F, =0, 5% LAE F,
YERITN A N, AL R AW Wi e o B3 oy
B, RIREHE TR Z ) 10 Fy = N F /N, RIETE
BRI SIVE T R BT 45 N, AT LRI

N
Ny =N,q(Fy,F)) =N,q(Fy Fy) . (11)
2

FEMGAT DLis FHIE A O ik B F AR 41 2 4
2N, =N, . (1) —BFRH
N, =Nq(F;_,,F;) . (12)
MN, ,p O UL AT LAAS 2
BT AR 53 A 2 A AL 2K F
W L AR AT v 2 24 W 5467 7 AR R 3 AR rh
7R ST A S R A 7 R S A R
FIHECRE n 5561 F ZRIMER, 5 EIRBALE
AP ZE SR HET R,
1 3 Sy ik s 5 At s BRAUHEICR 5 4b
NI FZRENERE, K 3a ¢, 0,0, X E 3b
) m, F,F.. A1 F 35 BV IR N 1/ 70%
ZH, ARG A BB EOR o BN AR
AR HE SN F RS K n iz 3K, H
HOMRARR A A0 ) Fak BERERE TR 764 90%

Ja m BRI, R BOIR. U P 5 & Gt
FERBITER g MO F ZHEB KRS
Moreno %51 3P 237 B 1) £F 2k R R AR 4D
JITAR S AR i ARAT , 1 — A UE A S 2 3 3 e
B Pz A Rl AT 4.

1.0 1.0 o ®e o=
0.8r 0.81 \

0.6
0.4t
0.2}

= 0.6}

T 0.4}
02} )

0 0.2040.60.81.0 0 02040.60.81.0
clo,

3 AERHRRITBERSHNN FRIXHE
Fig. 3 Change of cumulative AE count rate with
external force

() — HFEEBLBELS S (b) —ikgosb R,

HRAEE 3a, AR Ny, p 16 X5 AN 8] 9 T3
BUBLILZE S AR a6 235 SR TR 52 IR IR
P ST L R R N, p B E St T
.



VEE N2

WA O BT 2L X I B R A R A A LR 585

5 4k 1w

1) BEREDTRR S s A O e i RV R
FE AT A R A, R A B 5 -
HR AR T (4P {E 40T

2) AFINEGEART AR ] D8] R & 5
AE T SR UEA 70 At 0 1 1 o A BB I
FECRAGHE R, RE T R AR B AT 16 A o 52
RS

3) IR A O RBUTRCR S5
Z AN 2R 5 T A R Y H UL 25 51
FRAT , A £5 2 RS TR A T (e I oo P A (A4
H AT AT PR A TR

4) IRXIEE R N R - 24 3 BRI (1 21 HE SR
RO BRI B BUE LA P N, p (EL A 2
feft TR

S

[ 1] Nataf G F,Castillo-Villa P O, Baré J, et al. Avalanches in
compressed porous SiO, -based materials[ J] . Physical Review
E,2014,90.022405.

[2] Bar6 J,Alvaro C,Tlla X, et al. Statistical similarity between
the compression of a porous material and earthquakes[J].
Physical Review Letters,2013,110:088702.

[3] Salje EKH,Giulio I, Baré J, et al. Noise of collapsing

minerals: predictability of the compressional failure in

[4]

[5]

(6]

(7]

[8]

[10]

(1]

[12]

goethite mines|[ J]. American Mineralogist,2013,98 ;609 -
615.

Salje E K H, Soto-Parra D E. Failure mechanism in porous
materials under compression; crackling noise in mesoporous
SiO, [ J]. Philosophical Magazine Leiters,2011,91 (8):
554 -560.

Salje E K H, Dahmen K A. Crackling noise in disordered
materials[ J |. Annual Review of Condensed Matter Physics,
2014,5.:233 -254.

Dahmen K A,Ben-Zion Y, Uhl J T. Micromechanical model
for deformation in solids with universal predictions for stress
strain curves and slip avalances[ J|. Physical Review Letters,
2009,102.175501.

Tsekenis G,Uhl J T, Goldenfeld N, et al. Determination of
the universality class of crystal plasticity [ J]. Europhysical
Letters 2009 ,101 :36003.

Clauset A, Shalizi C R, Newman M E J. Power-law
distributions in empirical data[J]. SIAM Review, 2009, 51
(4):661 -703.

Kloster M, Hansen A, Hemmer P C. Burst avalanches in
solvable models of fibrous materials [ J |. Physical Review
Letters 1997 ,56(3) :2615 —2625.

FIRAIE , 5225 AR A 1At 3 F) 9 A 5 35 A8 R st
[J]. RS 5 BB ,2007,2(1) 1 -5,23.

(Bai Yi-long, Xia Meng-fen, Ke Fu-jiu. Evolution induced
catastrophe in material failure and its forecast[J]. Failure
Analysis and Prevention 2007 ,2(1) :1 -5,23.)

Moreno Y,Gomez J B, Pacheco A F. Fracture and second-
order phase transitions[ J]. Physical Review Letters,2000,85
(14) :2865 —2868.

Pradhan S, Hansen A, Chakrabarti B K. Failure process in
elastic fiber bundles[ J|. Reviews of Modern Physics,2010,
82.499 - 555.



